Marivibrio halodurans gen. nov., sp. nov., a marine bacterium in the family Rhodospirillaceae isolated from underground rock salt , were firstly reported in the Yunnan salt mines. A clone library approach combined with comparative molecular analysis revealed that taxa affiliated with Alphaproteobacteria and Euryarchaeota were dominant in the Yunnan salt mines, and that some unidentified new taxa were also present [8] . In this study, we describe a halotolerant bacterial strain, designated ZC80 T , isolated from a rock salt sample collected from Yunnan salt mine, China. Comparative 16S rRNA gene sequence analyses showing less than 91.0 % to any known bacterial taxa indicated that the novel strain forms a deep branch within the family Rhodospirillaceae. The aim of the present work was to determine the exact taxonomic position of strain ZC80
Salt mines or halite deposits, important hypersaline underground environments, are widely distributed around the world. Ten sets of salt mines were found and exploited for table salt for human use and salt for domestic animals in Yunnan, China. Various micro-organisms thrive in the salt mines, including Bacteria and Archaea, and were trapped in their habitat following geological movement. To our knowledge, six new bacterial genera, e.g. Fodinibacter [1] , Fodinicurvata [2] , Sediminimonas [3] , Salinarimonas [4] , Fodinibius [5] and Aliifodinibius [6] , and a haloarchaeal genus, Haloparvum [7] , were firstly reported in the Yunnan salt mines. A clone library approach combined with comparative molecular analysis revealed that taxa affiliated with Alphaproteobacteria and Euryarchaeota were dominant in the Yunnan salt mines, and that some unidentified new taxa were also present [8] . In this study, we describe a halotolerant bacterial strain, designated ZC80
T , isolated from a rock salt sample collected from Yunnan salt mine, China. Comparative 16S rRNA gene sequence analyses showing less than 91.0 % to any known bacterial taxa indicated that the novel strain forms a deep branch within the family Rhodospirillaceae. The aim of the present work was to determine the exact taxonomic position of strain ZC80
T .
The rock salt samples applied for bacterial survey were collected from the Yunnan salt mine (100 53¢ 34.60 † E, 23 52¢ 21.16 † N). Five grams of the sample was dissolved completely in 100 ml sterile 10 % (w/v) NaCl solution. Strain ZC80
T was isolated at room temperature by using the standard dilution-plating technique on modified JCM 168 medium (http://jcm.brc.riken.jp/en/) containing (per litre): casamino acids (BD-Difco, 5.0 g), yeast extract (BD-Difco, 5.0 g), sodium glutamate (1.0 g), trisodium citrate (3.0 g), MgSO 4 Á7H 2 O (20.0 g), KCl (2.0 g), NaCl (5.0 g), FeCl 2 Á4H 2 O (36.0 mg) and MnCl 2 Á4H 2 O (0.36 mg). The pH was adjusted to 7.5 by using 1 M KOH or 1 M HCl. If necessary, 20 g l À1 of agar powder was added to liquid medium to construct agar plates. The modified JCM 168 medium was constructed only by adjusting the concentration of the NaCl from 200 to 50 g l
À1
. Pure cultures were suspended in the liquid modified JCM 168 medium supplemented with 20 % (v/v) glycerol, and preserved at À80 C. Cell morphology was examined by light microscopy (OLYMPUS BX51 equipped with an OLYMPUS DP72) and scanning electron microscopy (HITACHI SU8010). Cells of strain ZC80 T were spiral or curved (Figs 1 and S1, available with the online Supplementary Material), and bacilliformed ornamentation was present on the cell surface ( Fig. 1) .
To determine the preliminary taxonomic position, 16S rRNA gene amplification was applied. The crude DNA that served as the PCR template was extracted from a single colony by using a boiling method [9] . The primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGTTACCTTGTTACGACTT-3¢) were used [10] . The PCR products were purified by using an AxyPrep DNA Gel Extraction Kit (AxyGen) and were cloned into pMD-18T vector (TaKaRa) for sequencing. The almost-complete 16S rRNA gene sequence of strain ZC80 T (1490 nt) was obtained and compared with available 16S rRNA gene sequences in the GenBank database by using BLASTN searches [11] and the EzBioCloud (www.ezbiocloud.net) [12] . The highest sequence similarity between strain ZC80 T and validly reported species was 90.9 % to Aestuariispira insulae AH-MY2 T , 90.7 % to Roseospirillum parvum 930I T and less than 90.5 % to the type strains of other known species.
Based on the result of the 16S rRNA gene sequence similarity search, strain ZC80 T was classified as a species affiliated to the family Rhodospirillaceae. To determine the phylogentic position of strain ZC80
T in the family Rhodospirillaceae, the 16S rRNA gene sequences of other members in this family were obtained from a public database (www.ncbi.nlm. nih.gov/nucleotide/) for performing the multiple sequence alignment. Multiple sequence alignments were performed using the CLUSTAL_W program implemented in BioEdit software [13] . Phylogenetic trees were reconstructed by using the maximum-likelihood (Fig. 2 ) and neighbour-joining (Fig. S2 ) algorithms in MEGA 5.0 software [14] . To evaluate the robustness of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed. The topology of the phylogenetic tree reconstructed using the maximum-likelihood algorithm revealed that strain ZC80
T formed a distinct lineage neighbouring the species of the genus Pelagibius with a bootstrap resampling value of 100 %, within the family Rhodospirillaceae (Fig. 2) . The topologies of the phylogenetic trees reconstructed using the neighbour-joining algorithm ( Fig. S2 ) and maximum-parsimony algorithm (not shown) were similar to those of the tree reconstructed using the maximum-likelihood algorithm. The low sequence similarity values between strain ZC80 T and the most closely related members of the family Rhodospirillaceae, and the robust lineage with a high bootstrap resampling value (100 %), demonstrated that this strain represented a distinct genus in the family Rhodospirillaceae. Both A. insulae and R. parvum were affiliated to the family Rhodospirillaceae. Given the relatively low value of 16S rRNA gene sequence similarity, strain ZC80
T may represent a new taxon affiliated to family Rhodospirillaceae at genus rank. Considering the preliminary taxonomic position of strain ZC80
T , the following detailed identifications, including the phenotypic and phylogenetic data, were carried out in marine agar 2216 (MA; Becton Dickinson) and marine broth 2216 (MB; Becton Dickinson) unless specified otherwise.
Gram-staining was performed as described by Smibert and Krieg [15] . Motility, growth under anaerobic conditions and catalase and oxidase activities were assessed as described previously [16] . Flagella were stained according to the method of Leifson [17] (Fig. S3) . The enzyme activities were tested by using the API ZYM system according to the manufacturer's instructions. Growth at various concentrations of NaCl (0, 0.5 and 1.0-20.0 %, at increments of 1.0 %, w/v) was investigated by adding appropriate concentrations of NaCl to the marine broth 2216 medium prepared according to the formula of the BD (Becton Dickinson) medium except that NaCl was excluded. The temperature range for growth was tested by incubating cells at various temperatures (4, 10, 15, 20, 25, 28, 32, 37, 40, 42, 45 , 50 and 55 C). The pH range (from pH 5.5 to 10.0, at intervals of 0.5 pH units) was determined in marine broth 2216 medium with the addition of 50 mM buffering agents, including: MES (pH 5.5-6.5), PIPES (pH 6.5-7.5), Tricine buffer (pH 7.5-8.5) and CHES (pH 8.5-10.0). Aesculin hydrolysis, nitrate reduction and H 2 S and indole production were determined as recommended by Smibert and Krieg [15] . Hydrolysis of casein, L-tyrosine, gelatin, starch, Tweens 20, 40, 60 and 80, and urea were determined as described by Cowan and Steel [18] . Utilization of sugars and organic acids as sole carbon and energy sources were investigated in accordance with the formula of MB medium (Becton Dickinson) by omitting the tryptone and reducing the amount of yeast extract to 0.01 % (w/v) supplemented with the testing substrates at the concentration of 0.5 % (w/v). Carbon utilization was scored as negative when growth was equal to or less than that in the negative control with no carbon source. Growth was measured by assessing changes in OD 600 following incubation at 37 C for 5 days. Susceptibility to antibiotics was tested on MA plates using antibiotic discs containing the following (µg per disc unless otherwise stated): chloramphenicol (30) , gentamicin (20) , kanamycin (30), streptomycin (10), Morphological, cultural, physiological and biochemical characteristics, and susceptibility to antibiotics of strain ZC80
T are given in the genus and species descriptions and in Table 1 . Strain ZC80
T is spiral or curved rod-shaped ( Fig. 1) , while the closely related species Pelagibius litoralis CL-UU02
T is rod-shaped, and the former (strain ZC80 T ) is obviously narrower and longer than the latter (strain CL-UU02 T ) ( Table 1) . Strain ZC80 T has a monopolar flagellum (Fig. S3) , however, no flagellum is observed on another closely related species A. insulae AH-MY2 T ( Table 1 ). The ranges of temperature and NaCl concentration for growth of strain ZC80
T are much wider than in P. litoralis CL-UU02 T , A. insulae AH-MY2 T and other representative species of closely related genera (Table 1) . A similar situation occurred for the optima of temperature and NaCl concentration for growth ( Table 1 ). The tolerance of high NaCl concentration for growth could be taken as the diagnostic characteristic for distinguishing strain ZC80
T from the closely related genera. Differential physiological and biochemical characteristics between strain ZC80
T and other phylogenetically related species in the family Rhodospirillaceae are shown in the genus and species descriptions and Table 1 .
Polar lipids were extracted by using a chloroform-methanol system according to the procedure described by Minnikin et al. [19] and identified by two-dimensional thin-layer chromatography after spraying with the appropriate detection reagents [20] . The first-dimension solvent was chloroform-methanol-water (65 : 25 : 4, v/v) and the second-dimension solvent was chloroform-methanol-acetic acid-water (80 : 12 : 15 : 4, v/v). Polar lipids were detected by spraying with 0.5 % (w/v) a-naphthol in methanol-water (1 : 1, v/v), after drying, with sulfuric acid and ethanol (1 : 1, v/v), and followed by heating at 120 C for 10 min (Fig. S4 ). Isoprenoid quinones were extracted by using the method described by Collins et al. [21] and analysed by high-performance liquid chromatography as described by Tamaoka et al. [22] . Biomass for quantitative fatty acid analysis was obtained by scraping cells incubated on MA agar plates for 5 days at 37 C. Analysis of the cellular fatty acid pattern followed the method described by Sasser [23] using the Microbial Identification System (MIDI).
The major polar lipid components of strain ZC80
T were phosphatidylglycerol (PG), phosphatidylethanolamine (PE), aminolipid (AL) and diphosphatidylglycerol (DPG) (Fig. S4) . Minor to trace amounts of an unidentified phospholipid (PL), an unidentified aminolipid (AL) and an
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Escherichia coli ATCC 11775 T (X80725) unidentified aminophospholipid (APL) were also detected. Although the strain ZC80 T and A. insulae AH-MY2 T [24] shared some major polar lipids (PG, PE and AL), strain ZC80
T possesses a DPG which is absent in strain AH-MY2
T . In turn, strain AH-MY2 T possessed an unidentified glycolipid (GL), which is absent in strain ZC80
T . In addition, some unique minor polar lipids were detected for strain ZC80
T . The differences in the polar lipid profiles enabled strain ZC80
T to be distinguished from genus Aestuariispira [24] .
The predominant ubiquinone of strain ZC80
T was Q-10, which is the same as that of the genera Terasakiella [25] and Pelagibius [26] . The major fatty acids (>10 % of the total fatty acids) of strain ZC80
T were C 19 : 0 cyclo !8c (41.3 %) and C 16 : 0 (23.1 %), however, in accordance with the genus description, strain CL-UU02
T contains C 18 : 1 !7c (48.5 %), C 19 : 0 cyclo !8c (10.3 %) and C 18 : 0 3-OH (17.5 %) as its major fatty acids, which differentiates strain ZC80
T from the closely related genus Pelagibius [26] and other genera ( Table 2) . Genomic DNA of strain ZC80 T was extracted according to the procedure described by Marmur [27] , with RNase A to minimize the contamination of RNA [24] . The G+C content of genomic DNA was inferred from the mid-point (T m ) of the thermal denaturation profile [28] using the equation of Owen and Hill [29] . The calculated DNA G+C content of strain ZC80
T was 60.8 mol%, which significantly differentiates it from the closely related species in different genera in family Rhodospirillaceae (Table 1 ).
In conclusion, from the results of the phenotypic, chemotaxonomic and phylogenetic analyses, strain ZC80
T could not be assigned to any known taxa in family Rhodospirillaceae. Many phenotypic features (Table 1) , the fatty acid ( Table 2 ) and polar lipid profiles (Fig. S4) , the 16S rRNA gene sequence similarity and the branch length on the phylogenetic tree clearly differentiate strain ZC80
T from the phylogenetically related, recognized taxa and indicate that it represents a novel genus and a novel species, for which the name Marivibrio halodurans gen. nov., sp. nov. is proposed.
DESCRIPTION OF MARIVIBRIO GEN. NOV.
Marivibrio (Ma.ri.vi¢bri.o. L. neut. n. mare the sea or ocean; N.L. masc. n. vibrio, a vibrio; N.L. masc. n. Marivibrio, the sea derived vibrio, which references the sea ocean derived and vibrioid morphology of this bacterium).
Cells are Gram-stain-negative, spiral or curved rod-shaped and monopolar flagellated. Salt is required for growth. Oxidase-and catalase-positive. The major fatty acids are C 19 : 0 cyclo !8c and C 16 : 0 . The predominant isoprenoid quinone is ubiquinone 10 (Q-10). The major polar lipids are phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol and an unidentified aminolipid.
The type species is Marivibrio halodurans. A member of the family Rhodospirillaceae, the class Alphaproteobacteria, according to 16S rRNA gene sequence analysis.
DESCRIPTION OF MARIVIBRIO HALODURANS SP. NOV.
Marivibrio halodurans (ha.lo.du¢rans. Gr. n. hals, halos salt; L. pres. part. durans enduring; N.L. part. adj. halodurans salt-enduring, resisting). glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent.
The type strain, ZC80 T (=CGMCC 1.15697 T =NBRC 112461 T ), was isolated from rock salt samples collected from the Yunnan salt mine, PR China.
The DNA G+C content of the type strain of the type strain is 60.8 mol%.
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